Study design: Review article. Objectives: The neuroanatomy and physiology of psychogenic erection, cholinergic versus adrenergic innervation of emission and the predictability of outcome of vibration and electroejaculation require a review and synthesis. Setting: University Hospital Belgium. Methods: We reviewed the literature with PubMed 1973PubMed -2008. Results: Erection, emission and ejaculation are separate phenomena and have different innervations. It is important to realize, which are the afferents and efferents and where the motor neuron of the end organ is located. When interpreting a specific lesion it is important to understand if postsynaptic fibres are intact or not. Afferents of erection, emission and ejaculation are the pudendal nerve and descending pathways from the brain. Erection is cholinergic and NO-mediated. Emission starts cholinergically (as a secretion) and ends sympathetically (as a contraction). Ejaculation is mainly adrenergic and somatic. For vibratory-evoked ejaculation, the reflex arch must be complete; for electroejaculation, the postsynaptic neurons (paravertebral ganglia) must be intact. Conclusion: Afferents of erection, emission and ejaculation are the pudendal nerve and descending pathways from the brain. Erection is cholinergic and NO-mediated. Emission starts cholinergically (as a secretion) and ends sympathetically (as a contraction). Ejaculation is mainly adrenergic and somatic. In neurogenic disease, a good knowledge of neuroanatomy and physiology makes understanding of sexual dysfunction possible and predictable. The minimal requirement for the success of penile vibration is a preserved reflex arch and the minimal requirement for the success of electroejaculation is the existence of intact post-ganglionic fibres.
Introduction
Sexual dysfunction is a complication of neurogenic diseases (such as spina bifida, spinal cord injury, or multiple sclerosis, among others) and erection is less prone to dysfunction as compared with ejaculation. [1] [2] [3] [4] Higher spinal lesions maintain penile responses to reflexogenic stimulation, whereas lower lesions maintain psychogenic-mediated reflex erection. In addition, emission is maintained in most patients, even in lower and peripheral lesions. Ejaculation is more often impaired and preserved in 4% of the higher and 18% of the lower lesions, but can be evoked in roughly 80% of the patients with penile vibration and in 90% with electroejaculation. [4] [5] [6] Orgasm is preserved in 40-50% of the patients. 7 Autonomic innervations are summarized as a sympathetic thoracolumbar pathway responsible for ejaculation and a lower sacral pathway for erection. In the literature, complete spinal lesions are classified as the pathways mentioned above, damage of the thoracolumbar or sacral level, damage in between both pathways and peripheral lesions. 4 Clinical patterns, questionnaires or laboratory findings have been related to these anatomical double pathways, but lack detailed implementation of the knowledge of anatomy. Psychogenic erection, cholinergic versus adrenergic innervation of emission and the predictability of outcome of vibration and electroejaculation are issues, which require anatomical review and synthesis.
The aim of this review is to describe in a comprehensible and detailed manner how neuroanatomy is related to different nervous tissue lesions, how different lesions affect their end organs and relate this to therapy. Misconceptions on sympathetic psychogenic erections, dual innervations of ejaculation, sexual dysfunction in spinal lesions, orgasm in spinal lesions and orgasm after cystoprostatectomy are discussed.
Materials and methods
We reviewed the literature (PubMed 1973 (PubMed -2008 on the neuroanatomy and neurophysiology of erection and ejaculation and on therapy for neurogenic patients and their dysfunctions. Search terms were spinal cord, erection, ejaculation, emission and neurogenic.
Results

Erection
Introduction. Erection is the result of a high parasympathetic and low sympathetic tone resulting in the relaxation of the smooth muscle cells of the corpora cavernosa and the helicine penile arteries. The result is an increased arterial inflow and an increased resistance to outflow due to compression on the veins against the tunica albuginea; consequently the intracavernous pressure increases (80-100 mg Hg). Once rigidity is obtained, the inflow decreases significantly and rigidity is conserved with low flow (3-5 mg/ min) until the parasympathetic inflow decreases or the orthosympathetic tone increases. 8 Neuroanatomy and physiology of erection. Afferents: The pudendal nerve conducts sensory information from the genital, perineal, perianal and scrotal skin to the sacral cord (S2-S3-S4) (Figure 1 ). The scrotum also has higher (lumbar) sensory innervations: the ilioinguinal nerve L1 and the genital branch of the genitofemoral nerve L1-L2. Notwithstanding this, anatomical dissection studies show the heterogeneity of cutaneous branches of these nerves. The classical pattern of distribution and the terminal course of the ilioinguinal and genitofemoral nerve consistent with modern text descriptions were defined in only 20% of cadaveric dissections. 9, 10 The dorsal penile nerve (pudendal nerve) is responsible for reflex erections. 11 Damage to the pudendal nerves (that is, Alcock syndrome) leads to erectile dysfunction. 12 In complete spinal cord injury above the sacral centres there are no means to evaluate sensory innervation by means of pinprick, temperature or cotton swab testing because of lack of transmission of the signals through the spinal cord. The bulbocavernous reflex remains intact in these patients and is the clinical test to perform to evaluate the pudendal nerve integrity. Neuroanatomy related to sexual dysfunction K Everaert et al
In addition, central afferent stimulation (tactile (from higher dermatomes), audiovisual or olfactory and psychogenic (fantasy, emotion) stimuli) can provoke erection as is seen in psychogenic erection. 13 The psychogenic erection is also suggested to be responsible for sustained erection during intercourse, explaining why some spinal cord-injured patients obtain good reflex erections but have problems sustaining erection. Efferents: Nuclei of parasympathetic neurons are localized in the sacral spinal cord(S2-S4). The efferent impulses are conducted to the corpora cavernosa through preganglionar (long) pelvic splanchnic nerves or 'pelvic nerves' or nervi erigentes, and through short post-ganglionar nervi cavernosi, also called non-adrenergic non-cholinergic (NANC) fibres [13] [14] [15] ( Figure 1 ). These NANC fibres have nitric oxide (NO) as a neurotransmitter, whereas the long cholinergic fibres have acetylcholine as a neurotransmitter. NANC fibres have the most important role in the erection, whereas acetylcholine is found to have a modulating role by facilitating the release of NO from the NANC fibres and inhibiting noradrenaline release from the sympathetic fibres. Furthermore, acetylcholine contracts penile smooth muscle in vitro, and erection is resistant to the cholinergic antagonist atropine. Acetylcholine also facilitates NO release by activating endothelial cells. NANC fibres also release VIP (vasoactive intestinal polypeptide), whose relaxant effect has been shown. 15 In addition to the peripheral endings, autonomic sensory fibres are capable of releasing neuropeptides (for example, substance P and calcitonin gene-related peptide), which display vasorelaxant effects in vitro. But their physiological role in the control of erection remains to be demonstrated. 14, 16 The nuclei of the orthosympathetic neurons are localized in the columnae intermediolateralis of the thoracolumbar spinal cord (T11-12). Their short preganglionar fibres run through the prevertebral sympathetic chain and ganglions; there the long post-ganglionic fibres run through the hypogastric nerve, the pelvic plexus and the cavernous nerves to the corpora cavernosi where they inhibit erection. 17, 18 The sympathetic post-ganglionic axons may reach the penis by two additional routes. The first is the paravertebral sympathetic chain, which connects via the pelvic nerve to the pelvic plexus and then via the cavernous nerve to the penis. The second pathway is the paravertebral sympathetic chain via the pudendal nerve to the penis. 14 The central and peripheral originating stimuli are processed cortically and conducted through the hypothalamus to the thoracolumbar and sacral spinal cord centres, where they respectively decrease hypothetically the orthosympathetic and increase the parasympathetic tone. In rats, as well, the bilateral section of the hypogastric or the pelvic nerves does not result in complete erectile dysfunction. 19 Finally, there was no decrease in the mounting behaviour of rats after the complete transection of both hypogastric nerves and a brief noncontact exposure of males to receptive females. 19, 20 On the other hand, patients with complete lesions of the sacral cord report psychogenic erections, whereas when parasympathetic motor neurons are damaged there should be no more erection. 13, 21 Following pre-ganglionic nerve (autonomic) section, extensive collateral sprouting from residual pre-ganglionic fibres or fibres from higher or lower ganglia is seen within 4-5 weeks. 22 This existence of such an extensive neuroplasticity in the prevertebral ganglia means that even in complete destruction of the sacral spinal cord a certain 'NANC tone' can exist, and with it a certain relaxation (not erection) of the cavernous smooth muscles is preserved; when the sympathetic fibres cease firing, a decrease in contraction of the cavernous muscles can occur. It has been suggested that this supraspinal vasodilator pathway is a sympathetic cholinergic pathway, operating through cholinergic (NANC) neurons in the pelvic plexus. 23 Sympathetic fibres are found to take synapses in the pelvic plexus with NANC fibres, suggesting another mechanism for how patients with sacral lesions may have hypothetically psychogenic erections. Notwithstanding the fact that the sympathetic nervous system is considered to be the antierectile centre, this pathway may also facilitate erections after an injury to parasympathetic pathways. Dail et al.
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stimulated the hypogastric nerve of intact anaesthetised rats and observed no increase in cavernous pressure. However, within 3 days after the unilateral section of the pelvic nerve, stimulation of the ipsilateral hypogastric nerve caused a significant increase in the cavernous pressure. This suggests a plasticity of the nervous system and the experiment shows that in intact rats with normal pelvic nerve function, the hypogastric nerve has little or no role in promoting erection. 21, 24 The observations of Weihe et al. 25 suggest a mode of autonomic regulation, based on the co-release of norepinephrine and acetylcholine at parasympathocardiac, sudomotor and selected vasomotor neuroeffector junctions, that is unique to the primate's peripheral nervous system. As mentioned before, the destruction of sacral autonomic centres abolishes reflex erections but not psychogenic erections. The residual erectile pathway may then be mediated by thoracolumbar sympathetic outflow. In patients with lesions above T9, psychogenic erections are eliminated but reflex erections persist. However, it remains unclear whether thoracolumbar sympathetic outflow participates in psychogenic erections in neurally intact men. 13, 14, 16 This orthosympathetic-originated erection has been studied in rats: there is maintenance of erection of the penile glans, but not the penile body, after the transection of rats' cavernous nerves.
Central regulation of the erection: The central regulation of erection is not within the scope of this article, but is summarized below as it has its clinical use. 13 Catecholamines in the central nervous tissue increase sexual activity and erection (L-dopa, amphetamines, monoamine oxidase inhibitors) through a-2 receptors (clonidine causes inhibition, yohimbine leads to stimulation). This is clinically relevant in the treatment of patients with Parkinson's disease. Dopamine stimulates sexual function by D1 and D2 receptors. This is clinically relevant in the treatment of patients with Parkinson's disease. Stimulation of the dopaminergic neurons of the medial proptic area leads to the activation of oxcytocinergic neurons (hypothalamus) and consequently to erection. Indeed, erection is inhibited as well by antagonists of dopamine such as oxytocin. Prolactin inhibits sexual function indirectly through the dopaminergic system. Stimulation of the dopaminergic system (apomorfine) has been used with moderate effect in the treatment of erectile dysfunction.
Serotonin is generally the inhibiting neurotransmitter of sexual function in the brain and the spinal cord and, as such, of the erection. This is best illustrated through the side effects of SSRIs in depression therapy. However, the effect depends on the serotonin subtype receptor. Melatonin stimulates sexual function indirectly through the serotoninergic system.
The erectile reflex: Afferents are the pudendal nerve or the brain. The contraction of the cavernous body is adrenergic stimulation and leads to flaccidity (hypogastric nerve (OS)). Relaxation of the cavernous body is NO stimulation and leads to erection (NANC); acetylcholine facilitates (PS). Erection depends on an equilibrium between the OS and NANC stimulation.
Strong parasympathetic stimulation (reflex erection and psychogenic erection) and low orthosympathetic tone (psychogenic erection) cause erection and start emission (see later because of increased parasympathetic secretion). With increasing orthosympathetic stimulation emission is completed (orthosympathetic contraction, see later) and followed by ejaculation (orthosympathetic contraction, see later). The parasympathetic tone decreases in the presence of a maximal orthosympathetic stimulation leading to detumescence of the penis.
Ejaculation
Introduction. Orgasm is seen in 40-50% of the spinal lesions. Its appearance is not related to the level of the lesion and is the result of cerebral processing of peripheral and central impulses. 26 Besides a decreased latency for orgasm 7 little is known about orgasms in male patients with spinal lesions, the discussion on the neuroanatomy is out of the scope of this publication. Ejaculation is the expulsion of semen from the penis. During ejaculation, pressures of more than 5 metres water pressure have been found in the prostatic urethra. 27 When rhythmic contractions of the pelvic muscles (for the purpose of this article defined as 'somatic ejaculation') occur, there will be moments of relaxation of the urethral sphincter, and then semen will leak into the bulbar urethra, dilating the bulbous and resulting in a urethrobulbocavernous or urethro-genital reflex contraction and expelling semen out of the penis. 28 More recently a 'spinal pattern generator'
model was developed and extensively tested to literature findings. 29 Spinal pattern generators are known to be responsible for several protective reflexes like swallowing and coughing and match perfectly with the rhythmic contraction during ejaculation. 30 In conclusion, ejaculation has two components, a somatic and an autonomic, which are for the purpose of this article defined as 'somatic ejaculation' and 'autonomic ejaculation'. 29 Nocturnal ejaculation stands for what could also be called 'psychogenic ejaculation'. At last we are recognizing vibratory ejaculation and electroejaculation both with their specific indications. 31, 32 The ejaculation time varies among men depending on arousal, inflammation, seminal magnesium, penile sensitivity, psychological factors, hormones (testosterone, oxytocine) and the intensity of perineal stimuli. The intraindividual variation of the ejaculation time is constant for masturbation, sexual intercourse and vibratory stimulation in a standardized setting. 33 Patients with neurogenic diseases mostly suffer from anejaculation or retrograde ejaculation, more rarely from delayed ejaculation. Patients with hyperesthesia in the genital region and patients with incomplete lesions of the conus region of the spinal cord often suffer from premature ejaculation.
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Neuroanatomy and physiology of emission and ejaculation. Intrinsic contractile activity of the vas deferens: A rhythmic contractility of the vas deferens is seen during perfusion experiments, and contractions are triggered by increasing pressure (meaning also by increased secretion) rather than by mechanoreceptors (neurons) or afferents (pudendal nerve, hypogastric nerve). Contractility is not altered by the sectioning of nerves, the a-receptor blockade, atropine or ganglion blockade, but it is demolished following the perfusion of potassium cyanide.
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Afferents: Electrostimulation and vibration of the pudendal nerve provokes ejaculation and can be abolished with a ring anaesthesia of the penis, causing the bulbocavernous reflex to disappear (Figure 1) . 6, [36] [37] [38] The region of vibratory stimulation in neurogenic patients must not necessarily be the penis; stimulation of the perineum, suprapubic region and scrotum has also been found successful. However, penile vibration is generally accepted as the most effective and the best studied. 37, 38 The presence of a bulbocavernous reflex is predictive for the outcome of vibratory ejaculation. 39 Experiments with the pseudorabies virus suggest that there are no afferents running with the pelvic or hypogastric nerves. Afferents in the cavernous nerves terminate in Lissauer's tract, the lateral and medial collateral pathways and just dorsal to the parasympathetic pre-ganglionic nucleus (SPN). 13 It may also be that, during normal erection, there is, in addition to pelvic dilatation, a local decrease of the resting vasoconstrictor tone mediated through a reflex having its afferent pathway in the hypogastric nerve, and the activation of this reflex can produce some tumescence even in the absence of concomitant dilator activation. 40 Alternatively, sympathetic afferents in hypogastric nerves may merely trigger a reduction in vasoconstrictive sympathetic outflow allowing partial tumescence. 13, 24, 41, 42 Afferents from the brain must exist and could be responsible, for example, for nocturnal ejaculation (psychogenic ejaculation), but they are not well described in the literature.
Efferents: The motor neurons of the hypogastric nerves are found in the ganglions of the prevertebral sympathetic chain (Figure 1) . 43 Electrostimulation of the hypogastric nerves results in immediate emission and ejaculation. The effect increases with a-receptor mimetic drugs and does not alter with b-receptor-blocking agents. A biphasic contractile response (tonic ¼ purinergic; phasic ¼ adrenergic) following electrostimulation has not been confirmed by all authors. Others notice that following electrostimulation, the proximal vas contracts followed 5-10 s later by the distal vas deferens. 44 Transection of the hypogastric nerve completely abolishes ejaculation following electrostimulation of the penis. 43 Electrostimulation of the hypogastric nerve also causes contraction of the bladder neck, the prostate, the seminal vesicles and the vas deferens. [45] [46] [47] The hypothesis of cholinergic stimulation (during erection) is based on the observation of 'acetylcholinesterase colouring fibres' in the vas deferens, seminal vesicles and the bladder neck. 35 Also in spinally transected rats, the administration of muscarine evokes erection and ejaculation and facilitates penile reflexes without any proof that ejaculation is directly facilitated as such. Electrostimulation of the pelvic nerves leads to increased contractility of the vas deferens, and this can be partially blocked with atropine. However, transection of the pelvic nerves does not block ejaculation elicited by electrostimulation of the dorsal penile nerve. Acetylcholine has very little effect on the contractility of the vas deferens, the bladder neck and the prostate. Acetylcholine significantly increases the contractility of the seminal vesicles, and cholinergic stimulation enhances the secretory function of epithelial cells in the male accessory glands (distal epididymis, seminal vesicles, prostate). [47] [48] [49] Seminal vesicles receive dual sympathetic and parasympathetic innervations. Stimulation of the lesser splanchnic nerves induces the contraction of the seminal vesicle in rats. Sympathetic innervation of the seminal vesicle is associated with nonvascular smooth muscle, whereas parasympathetic innervation is associated with the glandular epithelium. 41 Experiments on the bladder neck and prostate show that the contraction of smooth muscle is adrenergic and not cholinergic. The above-described increase in contractility is therefore suggested to be secondary to an increase in secretion. Adrenergic stimulation (ephedrine) is useful clinically in neurogenic patients with retrograde ejaculation. 1 It is obvious in patients with an open bladder neck, but also helpful if they have a closed bladder neck because an increased bladder neck tone will facilitate antegrade ejaculation. 50 In conclusion: increased cholinergic stimulation (erection) increases the secretion of the distal epididymes, the seminal vesicles and the prostate leading to emission. The emission gains further strength through an increase in adrenergic stimulation with contraction of the vas deferens, the seminal vesicles, smooth muscles from the prostate and the bladder neck. Finally, when high pressures are seen in the prostatic urethra, ejaculation occurs with again important adrenergic activity and rhythmic somatic stimulation of sacral muscles.
Central regulation of ejaculation: The central regulation of the sexual function is not the focus of this review, but for the sake of completeness we summarized the literature. Serotonin (medial preoptic area) mainly causes inhibition of ejaculation through inhibition of the stimulatory dopamine (paraventricular nucleus of the hypothalamus). Cathecholamines (paragigantocellular nucleus) cause stimulation of ejaculation. Brain damage can separately affect emission, ejaculation and orgasm. 41 The spinal reflex ejaculation generator centre has been localized in the thoracolumbar region and contains lumbar spinothalamic cells (LST cells). 29, 30 These lumbar spinothalamic cells activate (increased c-Fos activity) during ejaculation and are direct projections of cells in the paragigantocellular nucleus in the thalamus. A complete lesion of these lumbar spinothalamic cells leads to anejaculation in rats but does not decrease or abolish mounting or intromission. Animal studies have clearly shown that connections with higher centres are needed to have normal ejaculatory function, but ejaculation is possible without these higher connections.
The ejaculatory reflex: Ejaculation is a spinal reflex elicited by electrostimulation of the dorsal penile nerve (Figure 1 ). This is best illustrated by the ability of vibratory stimulation of the penis to induce ejaculation in patients with complete spinal cord transection above the tenth thoracic segmental level. The ability of a peripheral stimulation to induce ejaculation despite the complete loss of reciprocal connections with supraspinal structures implies the existence of an ejaculation control centre at the spinal cord level. 41 In patients with a complete spinal cord lesion, ejaculation is not abolished: 10% can obtain ejaculation by masturbation and 80% with vibratory stimulation. 5 Anaesthesia of the urethra does not destroy the ejaculatory reflex, but anaesthesia of the penile dorsal nerve does. 36 Evidence exists that increasing intraurethral pressure (emission) in the prostatic urethra leads to ejaculation, but even when emission is blocked (guanethidine) ejaculation remains unchanged with sexual activity or electrostimulation of the dorsal penile nerve. 30, 44 In addition, a-receptor-blocking agents (phenoxybenzamine) or a cystoprostatectomy cannot abolish the ejaculatory reflex with sacral motor responses. Finally, a radical prostatectomy results in the loss of 'autonomic ejaculation' but preserves 'motor ejaculation.' 51, 52 In conclusion, emission facilitates ejaculation but is not necessarily a trigger.
Owing to the complexity of this spinal reflex it is not always easy to predict ejaculation in neurogenic lesions. However, in patients with lesions above the thoracolumbar region the ejaculation will probably be elicited with vibratory stimulation. Patients with complete lesions at the level of or below the thoracolumbar regions are very unlikely to obtain ejaculation with vibratory stimulation. However, in 80% of all patients with a spinal cord lesion, ejaculation can be obtained with vibratory stimulation of the penis if vibrations have a frequency of at least 80 Hz and sufficient amplitude. 5 With less intensive stimulation (30-50 Hz), only 50% of the patients ejaculate. This ejaculation can be facilitated with alphamimetic drugs such as eserine, midodrine or physiostigmine. 5, 37, 39 Electroejaculation is electrostimulation of pelvic, hypogastric and sacral nerves and causes ejaculation in about 95% of patients with a spinal cord injury. Even in complete ablation of the sacral spinal cord but preservation of the prevertebral ganglia and the hypogastric nerve, electroejaculation can result in ejaculation. 32 Neuroanatomy related to sexual dysfunction K Everaert et al Sexual dysfunction in neurogenic patients with lesions to the spinal cord or peripheral nerves Extrapolation of the above data to spinal cord-injured patients results in several clinical presentations. It is important to know the anatomical relations of the nervous tissue involved as well as the exact place of the motor neurons, because this largely influences the sexual dysfunctions seen. Lesions above or at the level of the thoracolumbar region have reflex erection but no psychogenic erections. Autonomic ejaculation is possible, but nocturnal ejaculation is not. Somatic ejaculation, vibration and electroejaculation (motor neurons in ganglia and post-ganglionic fibres are intact) are possible (Figure 2a) .
Lesions in between or at the level of the thoracolumbar and the sacral centres have reflex erection and should not have psychogenic erection. Nevertheless several reports are available, which indicate that these patients do have psychogenic erections. Possible explanations are neuroplasticity, PS-paravertebral ganglia and, in those below the thoracolumbar region, a decrease in OS tone. Ejaculation (autonomic and somatic and nocturnal in the case of a lesion below the thoracolumbar region) is not present and vibratory stimulation does not result in ejaculation because the reflex is interrupted; however, electroejaculation works because the postsynaptic fibres of ejaculation are intact (Figures 2b and c) .
Lesions of the sacral centre or below can have psychogenic erections but no reflex erections. Psychogenic erections are observed and hypothetically explained by OS-erectile nerve fibres, synapses between OS and NANC, and PS-paravertebral ganglia or preserved NANC tone with decreasing OS tone. Autonomic ejaculation is not present but nocturnal ejaculation is possible. Somatic ejaculation is absent and vibratory stimulation does not result in ejaculation but electroejaculation can be successful (Figures 2d and 3a) . Lesions of the cauda equina result in the loss of reflex erections but the preservation of psychogenic erections (neuroplasticity, OS-erectile nerve fibres, synapses between OS and NANC, PS-paravertebral ganglia, preserved NANC tone and erection through decreasing OS). Autonomic and somatic ejaculation disappear but nocturnal ejaculation is (Figure 3a) . Complete lesions of both pudendal nerves (fracture of the sacrum) is a very rare condition; Alcock's syndrome is assumed to be the result of an incomplete lesion and results theoretically in the preservation of psychogenic erections, the loss of reflex erections, and autonomic (efferents intact, afferent not intact) and somatic ejaculation (but not secondary to penile stimulation, only psychogenic). Vibratory stimulation does not result in ejaculation, but electroejaculation does because the motor neurons are intact (Figures 3a and b) . Lesions of the hypogastric nerve (anterior fixation, lymph node dissection, sigmoidectomy, congenital) do not result in erectile dysfunction but do result in anejaculation (autonomic) with theoretically preserved somatic ejaculation. For some, emission is an important facilitating factor and as such the somatic ejaculation can be impaired (likewise in postprostatectomy patients). Both vibratory stimulation and electroejaculation fail (Figure 3c) .
Lesions of the cavernous nerves (cystoprostatectomy) lead to complete erectile dysfunction and loss of ejaculation (autonomic, also for anatomical reasons, of course). Somatic ejaculation is preserved in most patients, although in some emission is mandatory to obtain somatic ejaculation (Figure 3d) .
Lesions of both sacral parasympathetic pelvic/erigent nerves (sacral fracture, malignancy, rectal surgery) result in the loss of reflex erections. There is no information on psychogenic erections in the literature, but they might be possible for already above-repeated reasons. In addition, autonomic ejaculation as somatic ejaculation must be possible (no reports found) and vibration and electroejaculation are expected to work (Figure 3e ).
Discussion
As in most patients with spinal lesions or diseases, sexual function (erection (90%), emission (100%), ejaculation (80%) and orgasm (50%)) is preserved to a certain extent in a majority of the cases. One might therefore expect that it makes no sense to understand the neuroanatomy of sexual function. [1] [2] [3] [4] [5] [6] [7] On the contrary, however, even when sexual function is preserved to a certain extent it is altered in a significant way, and both clinicians and patients need to understand the symptoms. In addition, patients have to accept those symptoms and adapt to them. Finally, a thorough knowledge of neuroanatomy and physiology helps in understanding drug therapy and side effects. Doctors not familiar with neurological diseases might conclude that lower motor neuron lesions result in erectile dysfunction and anejaculation whereas upper motor neuron lesions do not. This review should convince them that thorough knowledge of anatomy and physiology is helpful to explain why most spinal and peripheral nerve lesions have good preservation but altered sexual function. For many decades, a dichotomy on the neuroanatomical basis for psychogenic erection persisted. 21 However, there is little evidence for the existence of a hypogastric descending pathway for psychogenic erection in a normal individual, whereas there is vast evidence for a parasympathetic origin for psychogenic erection. From a physiological point of view, it would be unexpected that a nerve-inhibiting erection (hypogastric nerve) would be capable of stimulating erection in a normal individual. Of course, neuronal plasticity can explain this but other hypotheses are possible, like synapses between OS and NANC, PS-paravertebral ganglia or preserved NANC tone. 22, 24 Seminal vesicles have dual (OS and PS) contractile innervations. This second dichotomy in the literature is the sympathetic and parasympathetic innervation of emission and ejaculation. This might also explain unexpected preservation of ejaculation in neurogenic patients. The dichotomy has been nicely integrated by Coolen et al. 41 and can be summarized as such: emission mainly starts cholinergically (as a secretion) and mainly ends sympathetically (as a contraction), and ejaculation is mainly adrenergic and somatic.
Neuronal plasticity is an important issue in spinal cordinjured patients as they tend to survive long after their injury. 22 This is quite different in diseases like amyotrophic lateral sclerosis, in which neuronal death does not always have time to develop the onset of neuronal plasticity. In spinal cord-injured patients, on the other hand, some years pass following the spinal lesion and neuronal plasticity can occur. Although unproven, this can explain several difficultto-understand clinical events such as reappearances of initial lost functions. Together with the dual innervation of the pelvic organs, neuroplasticity explains the observations that penile vibration and electroejaculation are effective in most of the patients in the long run. The minimal requirement for the success of penile vibration is a preserved reflex arch, and the minimal requirement for the success of electroejaculation is the existence of intact post-ganglionic fibres. Intact post-ganglionic parasympathetic fibres are needed for electrostimulation-evoked emission; intact post-ganglionic sympathetic fibres are the minimal requirement for successful electrostimulation-evoked ejaculation. 22, 24, 25 Pharmacotherapy of sexual dysfunction in patients with spinal lesions is well established for erectile dysfunction. 1, 15, 16 Some solutions are also available for premature ejaculation, such as SSRI. 34, 42, 48, 53, 54 Potential new treatments for premature ejaculation to be explored are sildenafil and tramadol (SSRI-like effect). 34, 42, 48, 55 However, a valid pharmaceutical option for inducing antegrade ejaculation or treating anejaculation does not exist. Alphamimetic drugs have been tried to treat retrograde ejaculation in these patients, but no evidence of effect exists. Available drugs for facilitating ejaculation or treating anejaculation do not exist, or at least have so many side effects like physiostimine, eserine or mitodrine that they can be used for the sake of procreation, but not for improving their sexual dysfunction. 42, 48 More 'organ' selective drugsFand even better a combination of an adrenergic and a parasympathicomimetic drugFseem to be possible ways for improving sexual function in these neurogenic patients. In the central nervous tissue, one might try to decrease serotonin or increase dopamine and catecholamines for the same purpose of improving ejaculation.
Conclusion
Afferents of erection, emission and ejaculation are the pudendal nerve and descending pathways from the brain. Erection is cholinergic and NO-mediated. Emission starts cholinergically (as a secretion) and ends sympathetically (as a contraction). Ejaculation is mainly adrenergic and somatic.
In neurogenic disease, a good knowledge of neuroanatomy and physiology makes the understanding of sexual dysfunction possible and predictable. The minimal requirement for the success of penile vibration is a preserved reflex arch and the minimal requirement for the success of electroejaculation is the existence of intact post-ganglionic fibres. Intact post-ganglionic parasympathetic fibres are needed for electrostimulation-evoked emission; intact post-ganglionic sympathetic fibres are the minimal requirement for successful electrostimulation-evoked ejaculation.
